Shunting of insulin from a retroendocytotic pathway to a degradative pathway by sodium vanadate.
Adipocytes route internalized insulin through two major pathways, a degradative pathway and a retroendocytotic pathway. To examine whether sorting of incoming insulin-receptor complexes can be altered, we assessed the effect of vanadate on the intracellular processing of both insulin and insulin receptors. After cells were pretreated with vanadate (1 mM for 30 min at 37 degrees C), 125I-insulin was loaded into the cell interior. When the net efflux of insulin from cells into the medium was then monitored, vanadate was found to slow the efflux of insulin from a t1/2 of 6.2 min (controls) to 11 min. Since efflux reflects both the rapid extrusion of intact insulin and the slower release of degradative products, we proposed that vanadate diverts more insulin into the degradative pathway. Further evidence in support of this idea included the following: 1) when intracellular degradation of insulin was impaired by chloroquine, undegraded insulin accumulated faster within vanadate-treated cells, consistent with greater flux through a degradative pathway; 2) vanadate increased the percentage of degraded insulin released from cells from 61 and 72%; and 3) under steady-state binding conditions, more insulin resided in the cell interior of vanadate-treated cells (44.8% versus 34.5%), and the time required for the intracellular pool to reach equilibrium was prolonged (t1/2 of 5.5 min versus 4.0). Neither insulin internalization nor degradation was impaired by vanadate alone. In related studies Tris was found to inhibit insulin-mediated receptor recycling by only 10%, whereas in the presence of vanadate (plus Tris) almost all incoming insulin receptors were prevented from recycling. Vanadate alone had no effect on the ability of insulin receptors to recycle. Based on these results we conclude that: 1) vanadate shunts incoming insulin from a more rapid retroendocytotic pathway to a slower degradative pathway and diverts insulin receptors from a Tris-insensitive recycling pathway to one that can be completely inhibited by Tris; 2) these effects are selective, in that vanadate impairs neither insulin degradation nor receptor uptake and recycling. Considered together, these findings support the idea that a sorting mechanism exists for the intracellular routing of incoming insulin-receptor complexes.